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Avaivon ko Xoykpron Meg0ooowv Ekkivniong Acvyypoveov
Kwnmipov E@apupolovrag Apeco 'Eieyyo Pomng

MIXAHA AEIBAAAPAX
HAextpordyog Mnyavikog AIIO

Hepiinyn

2y epyacio avti HEAETOVTAL 0DO OLapopeTiKES uébodol yio, Ty
EKKIVIION QOOYYPOVIS LIYOVHS TPOPOOOTOVUEVH] OTO OVIITTHOPE.
tdoews. Kai o1 dvo uébodor mov uelerdrvror epapudlovy tn uédooo
o0 Augoov Eléyyov Pomig (Direct Torque Control, DTC). Kata
mv epapuoyn tov Ausoov Eléyyov Pomng (AEP), eupaviovior atnv
EKKIVIION VTEPEVTATEIS 0T0, TOAlpuaTa oV otaty. Ol VTEPEVTIATELS
eVOL EVTOVOTEPES, OTAY (NTETTOL VYNAN ETITAYVVON OO TO GOOTHUA
eléyyov. Ztnv mpadtn uébodo epapuoleron oradioxn uetafors o
peduarog exkiviong. Etor emroyyaveror pikpotepy kotamovnon
1000 0710 TOAIYHOTO TS UNYAVIS 000 KOI OTO NUICYDYIUO. OTOLYELN
00 UETATPOTED. AVTO ETITOYYAVETAL UE EVAV GUYKEKPIUEVO ALYO-
piluo ue ) ypinon tov omoiov Yiveror N ETILOYY NS KOTOAANANG
emOountig Tung g porng. Xty devtepn uébodo epopuoletor evi-
oyvon TS UayYVHTIKNG pong tov otdry. H evioyvon ovti e pong
EQPOPUOLETOL ETELON TOGO KATG TNV EKKIVIION OG0 KOL OTIC YOUNAES
oTPOoPéS eupavietar eactévnon e LoyVHTIKHS POIS TOV OTATH UE
OmOTEAETLO. 1] AEITOVPYIO.  TOV KIVITHPLOD GUOTHUATOS VO, YIVETOL
wpofinuatixy. Me tny uédodo tng evioyvons g pong Tov oTdTy oE
ToydTHTES YOUNLOTEPES OO o emAeyuévy  ToybTHTO. fhoEmS @),
epopuoletor oto aratn pia oTaldepiy payvyTiKy pon.
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AEP: Apecog ‘Ekeyyoc Pomng (DTC: Direct Torque
Control)

1 EIZAT'QI'H

O Apeoog ‘EAeyyog Pomng ypnoionoteiton evpémg ota
TPLPAGIKG GLGTHHOTO NAEKTPIKNG Kiviiong. Ot mepiocoTepeg
épevveg eotidlovratl cuvnBme ot peimo TG KUUATOONG TG
POTNG KOl TNG PONG, TNV AOENCT TNG GLYVOTNTOG TOAUOSOTY-
ong, ™ Peltimon g ekKivoNG TOL KIVITHPLOL GLGTNILOTOG
KA. H gpeuvntikn dpactnplotnta GYETIKA e To NAEKTPIKA



196

Texv. Xpov. Emot. ‘Exd. TEE, te0y. 3 2010 Tech. Chron. Sci. J. TCG, No 3

KIVNTAPW. GLUCTALOTO €0TIALETOL GTNV 0O1YNON TOL OVTL-
OTPOPEN. LLE TO SLOVUCHOTIKO EAEYYO TNG LOYVITIKNG POTIG TOVL
ot [1], kaBdg kon otov Apeco EAeyyo g Pomng [2]. Ta
tedevtaio gpovio Exovv yivel TOAAEG Epevveg ot Pedticoon
™ nebodov AEP 6e cuvdvacpo e TN S1ovLCHOTIKY Slopdp-
(OO TNG TAONG KoL TO SIVUGHATIKO EAEYYO TNG HOYVITIKNG
pong, Yo T Pertioon g kupdtmong g pomng [3], [4]. Exet
amodeyBel OTL Y10 OIKOVOLUKOVG KoL AELTOVPYIKOVG AOYOLG,
TPOTILATOL OTNV NAEKTPIKN Kivnom 1 eKTipnon tov aptfpod
oTpo@V. Exovv yivel dnpoc1edcelg 6° vtV TNV EPELVNTIKN
TEPLOYN Kol a&I0A0YOVV TPOTOVG EKTIUNONG TNG TOYVTNTOG TOL
kwmrpa [5], [6]. Katd v epappoyn tov AEP 6ta cuotpa-
T NAEKTPIKNG KIVIOTG VITAPYOLY TPOPANLLOTO EKKIVIIONG TOL
ocvotpotog. To wpoPAuate avtd dnpuovpyovvTol ETEWN
KT TNV €KKIVI|GT) TOL KIvNTHPO, ERPavIfoVToL VIEPEVTACELG
070, TOAMYMOTO TOV OTATN KaOMG Kot AavOaoUEVN EKTIUNON
Tov payvntikod mediov. ' avtd yivovtar épevveg pe otdyo
™ Pektioon Aettovpyiog TOV KNPV GUGTNUATOV TOGO
oTNV €KKIVNOT| 060 KoL 0TIG YoUNAES aTpoeés [8], [9]. Exet yi-
vel emiong devpuvon g kKhoowkig MRAS (Model Reference
Adaptive System) pefddov ekTipmong GTPOP®V Kot 1) ELEKTOL-
o1 ™G LeBOS0V CVTNG Le ATOTEAEGHLO TNV EKTIUNGT GTPOPDV
pe ™ pébodo tov Sliding Mode MRAS. v mepintmon avth
depeuvnOnke 1060 N TEPITTM®GT TOL ATAOD OGO KoL TOV Ot
A0V Bpdyyov Kot amodeiydnie 6Tt 1) SKOUAVOT) TNG EKTLULM-
HEVIG TayOTNTOG OTNV TTEPINTOON TOL Aoy Bpdyyov &ivorl
oA pkpdtepn [10]. Mo dAAN meployn otnv omoia yivetot
£PEVVO. GYETIKG e TN PeATI®ON TG EKTIUNONG TNG TOYVTNTOG
gtva vt 1 omoia ypnotpomotel pidtpa KALMAN. Muwo véa
péBodog ektipmong ToyhINTog AGLYYPOVOL KIVITHPA LE Eval
extetapévo eidtpo Kalman (EKF, Extended Kalman Filter)
napovctdletar oy gpyocio [11]. Emv zmepintwon avth
dpuovpyeital 0 KOSKG EVOG YEVIKOD olyopibiov mov ypm-
oomoteitat yio ™ Pertioon tov BopvPov tov EKF. Emedn
kot v ekkivion otov AEP, 1 emloyn tov Asttovpyikdv
KOTAOTAGEWY TOL OVTIGTPOPEN Efval oo apyr, mpoteive-
To acaPng Aoyikn. Me ™ otpatnykn mpofieyng g aco-
(@OVG AOYIKNG EAEYYOL PBEATIMVETOL 1| OPYN OVTOTOKPIOT) TOL
cvotiuatog [13]. Eniong éyovv yiver epyaociec pe t1g omoleg
npoteiveTol €vag oAyOpOpOg EXTIUNONG TNG TOYVTNTOS, O
onoiog Paciletar otV mapatpnon pe Paon ™ Bewpio Tov
Popov. Me Bacel ™ Bempio avt) yivetor o VIOAOYIGUOG
Mg ToLTNTOG KOl TG OUIKNG aVTioTaoNG 6TO GTdTN TOL
kwnmpa. O adyopBpog extipnong Aoappdveron pe Baon tov
TopatPNT) o€ cvvdévacud pe to otadeporomty Popov o
omoiog epapuoleTal o€ YPapUIKE GVOTAUATO KAEIGTOV BpoY-
xov [14]."Exovv yivel epyaoieg ot omoieg eEetalovy pebddovg
vy ™ Pertioon g ovpPatikig peBddoV AVUCHOTIKNAG
Awpopowong Evpovg Toipdv (SVPWM) ce cuvdvacud
pe tov DTC, peidvovtog Tig avemBopnteg KLUOTMOGCELS
™m¢ pomng. Avty 1 pébodog Paciletor ot Peitictomoinon
TOL OLOVOCLOTOG TNG HOYVNTIKAG PONG TNG HNYOVIAG Kot
EMTUYYAVETOL LE KOTOAANAN YPOVIKN] EMAOYT TOCO T®V
EVEPYOV OGO KOl TOV UNOEVIKOV SLOVUCUATOV TOV TACEDV
e TN ¥pNOT EAEYKTN ALGOPOVG AOYIKNG, YOPIG Vo avEaveTol

o apfuog tov petafdcewov [15]. Eniong n extiunon tov
Ley€B0VG KoL TOL TTPOGAVATOMGHOD GTO YMPO TG LOYVITIKHG
PONG TOL GTATN 1 TOV OPOUEN YPTGYLOTOLOVVTOL EKTIUNTEG
avolKToU Bpoyyov Kot TopatnpnTég KAEeToD Ppoyyov [16].

Yty mapovca epyacio Oa yivel aviivon kot cVyKpLom
V0 SlpopeTik®V HEBOdMY eKKIvIONG AGVYYPOVOV KIvi)-
POV €QupUOOVTOG GUECO EAEYXO POTNG LE EKTIUNON TNG
ToYOTNTAG TOV, LE GTOXO TN PeAtioon Tng eKKiviiong Tov
acVYYPOVOL KIVNTHPO.

2 MAOGHMATIKH ANAAYXH TOY
XYXTHMATOX

H avélvon g exkivnong tov achyypovov Kvntipo
YiveTol HEC® TOV EELCMGEDV TNG UNYOVNG.

Amd 115 e&lodoelg mov ekPpAlovy TN SVVOLULKT CLUTE-
PLPOPA TNG AGVYYPOVNG UNYavig amodetkvoetal [17], 6t n
NAEKTPOLLOYVITIKY POTIN TNG UNyavig divetat and to Stovu-
GUOTIKO YIVOLEVO TMV LOYVNTIK®OV POMV TOL GTATN KOl TOV
dpopéa kot ekppdletarl amd v e&icwon:

T, =2 (@.x9,) = £ 4|14, |sin 5, (1)

2
LSLJ"_LJ‘H

L =

OOV .

Lm

—= —=

O1 poéc Tov otdtn W kat tov Spopdo Y. Sivovran amd
116 e&lomoeig [2], [3].
= 3 3
o= Ei skl (2)
— 4
Y, =L,i.+L1 3)

Aopfavovtag vroym tig e&lodoelg (3) kot (2) vroroyi-

Covtat to pediLo TOL dPOUEN KaL 1) LOYVNTIKY POT) TOL GTATN
ato TIG TOPOUKAT® ESIGMCELG:
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e&iomon (4) t6tE N TN TOL PEVUATOG i_r:,, Tov dpopéa Ba
dtvetat omd v e&icmon:

(Lsﬁ;r i g Lmtﬁs) (7

Amd myv eElomon (6) eaivetar 6Tl N T TOL PEOUATOG
L. oT0 TUAMYMOTO TOL OTATN TOL KvnTpa e&apTdTol GE
Ka0e ypovikn otiypr] amnd ™ dopopd mov eppayileton ue-
TaED TOV SVVUGUATOV TOV HoyvnTIKGOY podv Yo xat ..
Anti 1 &1vpopd oL epaviletar katd v exkivnon petadd
P, ko W, sivan peyddn, YU’ ovtd TPOKOAEiTOL HEYEAN pETO-
oA 610 TAGTOG TOV PEVIOTOG TOV GTAT.

I'vopilovpe 6Tt Yoo TNV eKKivnoT KoL TNV ETTAYLVOT TNG
acOyXpoVNG HUMYAVIG, OTOLTEITOL PO QVOPOPAG Tmf . H
POTN OVTH UTOPEL GE EIBIKEG TEPITTMOELG KOL YL0L LLIKPO (PO-
VKo dtdotpa va yivel 20% peyoddtepn omd TV OVOUUGTIKY
(Tmf =1,2T,) . And mv e&icoon (1) goiveton dt1n pomi
KkoBopileTat 0md TO YIVOLEVO TMV LAYV TIKAOV POOV TOV GTATN
KOt TOV dpopLéa Kot 0mtd TN HeTa&d Toug yovia dy (oyua 1).
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e po acOyypovn Unyavh To S1avoco TG Taoems dive-
Tt o v e&lomon:
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Emopévag n payvntikn por| tov otdn vroloyiletal oe
KGO ypovikn oTryun omd v e&lcoon:
— — 3
¢, = J(V. — T.R,)dt ©)
¥t poviun Aettovpyic KOl Y. OVOLOGTIKO optOpo
o1poeav 1 avtictaon R, Beopeiton apeintéa (R.<<X)).
Emopévag ot poviun Aettovpyio pmopei va ypnoiporondet
n e&lcwon:
- = . odf 22
§, = [Vdt n = §] (10)
‘Etol katd ) ypovucy didprewn T puog cvykekpiuévng
AEITOVPYIKNG KATAGTOONG TOV OVTIOTPOPED 1) LETABOAN TNG
LOyyNTIKNG PONG TOV GTATN 6T povy Agttovpyio Ba givat:

- —
ﬂws T Vs T (11)

Apxn Touéa

—= —=
Zynua 1. dievoouotiid o10ypauuota LoyvyTikoy pooy oTtaTy 'I,EJ'S Kol opopéa 1,l!f,, .
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Ao myv e&lcwon (11) eaivetatr 611, 6tav amd TN Agl-
TOVPYIKY KOTAGTOGON TOV GVTIIGTPOPEN TPOKITTEL EVE A
Sibvoopo V. tote 0o dnpiovpynOei o petaforn A,
™G LOYVNTIKNG POTG TOV _qrdrn TPOG TNV KoTELHLVGN TOL
drvvcpatog g taceng V.. Otav amd m Aertovpykn ko-
T6GTAON TOV OVTIGTPOMEN TPOKOMTEL UNIEVIKO AdumGiio
(S1évvopa pn evepyd V,=0 ) t6te m petafory AW, tnc
HOYVNTIKNG poRg Tov oty Oa eivor undév (A, = 0
) KOl ETOUEVOG KOTE TO YPOVIKO SLAGTNHO QVTHG TNG AEL-
TOVPYIKNG KOTAGTAUONG TOV OVTIGTPOPEN TO OLAVUGLO TNG
LoyVNTIKNG pong Tov otdn Ba eivat otabepd. Xto oynua 1
O0iVOVTOL TO SI0VDGLOTO TV HOYVITIKOY POV TOV 6TATN
W, kot dpopda W, ko m peta&d toug yovia , otav To
SlvOCHOTO TOV HOYVNTIKOV podV NG unyavhg Ppicko-
VIOl GTOV TPMTO TOUER TOV OLOVUGUATOV TOV €E0ydVOV
M emupéday Fricng 610 oyfpo 1 gaivetot ot petafoiég
g, APz Ay g poyvukng pong tov_gtém..
otay emheyolv 1o evepyd dwavdopota thoeov Vo n T
1 1, xabbdg ko ov avtictoryeg yovieg 5,;,5, Slpg , 5,;,2
TOV SAVUCUATOV TOV HOYVINTIKOV pO®V TOL GTATH KOl
Tov dpopén . Evepyd dwovocpata givar ta €61 un undevi-
K6 dtavhopoTa TOV Tdoemv otnV £5000 TOL AVTIOTPOPEN
000 emmEd®V TO OTOio, TPOKVLTTOVY Ao TIG €61 EVEPYEG
Aettovpyikég katooTdoel; (oy.1). Oa mpémet vo onueiwbet
OTL € €vav avTIoTPOPEN dVO EMMESWOV VILAPYOVV KOl dVO
pundevikd dtovocpata (Un evepyd dStavOGHOTO ) TOV TACEDY
otV £€£000 TOV AVTIGTPOPEQ.

Y& [0 GLYKEKPULEV AELITOVPYIKT KOTAGTOOT TOV OVTL-
OTPOQPEN, amh TV Omoia TPOKVTTEL Eval EVEPYO Slavavocpa
taong V. #= 0, n pory tov otd1tn otV achyypovn pnyovi
TEPIGTPEPETAL [LE LEYOADTEPT TAXVTNTO O’ OTL 1) PO} TOL
dpopéa. Avtd oPeideTal GTNV AOPAVELN TOL £XEL O dPOUENS.
"Etot kotd v exkivnomn onpovpyeitan pio peyddn dopopd
yoviog 5,;, HETAED TOV LAYVNTIKOV pODV GTATN Kot SPOLET.
Avt 1 Spopd Bo KabBvoTEPNGEL TEPALTEP®D TNV AVATTL-
&n g pong tov dpopéa. H dapopd tav tipdv peta&d g

POH APOMEA KAl ITATH
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Zynua 2. diovdouoto yaopov [oyviTIKiG pong oTaT Kol OPOUEQ.

PONG TOV GTATN KOl TOL SPOWEN YIVETAL CTLLOVTIKY] LE OTO-
téheopa, cOpemvo e mv e&icwon (6), va eppaviotel Eva
peydio pedpa oto otdrn. Ilapdiinia, n mapaybeica pomn
dev givar apretd peydan, egottiog g HIKpNG TG TOV dlo-
VOGLOTOG TG HOYVITIKNG POTG TOL OPOLEN KOl ETOUEVAS 1|
ddikacio emtdyvvong tov dpopéa kabvotepel. Xto oy
2 gaivetan N petafory g payvnTIKhe pofig Tov otdtn W
KO TNG HOyVITIKNG porg TOV Spopién W katd Ty exkivnon,
Ko kon M petagd Toug ywvia dy , onwg mpotkvye KoTd
TNV TPOGOUOI®MGT GTOV VTOAOYIGTH TOV GUGTIHOTOS NAE-
KTPIKNAG KIVNOMG e avTIoTPOQPED OV0 EMMESMV Kol POPTIO
acOYXPOVI MOV

Emiong kotd ™ Aettovpyio o€ yopumAeg TovTNTEG O Ti-
VOKOG ETAOYNG TOV SlvOCHOTOG TAonG odnyel o€ aotadn
€leyyo ™G pong Tov otdrr. Avtd opeiletar Kupimg 6N Un
YPOUMIKT] GUUTEPIPOPA TNG AGVYXPOVIG HMYAVNG, T Omoia
odnyel 6NV eMAOYN TOV UNSEVIKOV SLOVOCUATOV TAGNG.

Onwg avapéphnke, n mapoydeica pon| evog achyypovov
Kivntipa odnyodpevov pe m pnébodo AEP oyetileton oteva
L€ TOV OMOTEAECUATIKO VTOAOYIGHO TNG PpOTG TOL otdtn. H
EKTIUNOT TNG PONG TOL GTATY GUVOEETAL GTEVEL LLE TNV TTMOGN
Taong oV avtiotoaor tov otdrtn (e&icmon 8). Avt 1 TT®-
oM TaoNg, Ve OTIS VYNAEG ToyvTNTES Pmopel va ayvondet,
OTIG YOUNAES TayVOTNTEG OH®G KAODS Kot KaTd TV gKKivnon
Teivel va eivol GUYKPIGIUN LE TNV TAoT 16030V TOV OTATH.
Katd cvvémelo n akpifeta extipnong e pong Tov otatn
LEDVETOL, KATL TOL 0ONYEL TOV KIVITIPOL GE LULOL TTOAD YoLun-
M pomn Kot ETOpEVESG KaB1oTd SVGKOAN TN AElTovpYic TOL
EAEYKTI] KATA TNV EKKIVIOT).

Kotd mv exkivion kabog kot 61ig yapunAsc, raydTnreg,
Otav emiheyel éva evepyd Sidvoopa tdoewg Vo #F0  to1e
woyver N e&iaman (R). Otav Opog emiheyel pndevikod diavo-
opatdong ¥, = 0 0o woyveln ekicoon:

ﬂ:_'fg

dr 28

(12)
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Kotd mv exkivnon 1 og yopnAd apBpd oTpoeodv Adpt-
Bavetar vOYMN N OUIKT OVTIGTOON TOV TUMYUATOV TNG -
YOVNC Kot emouévag pe Baon my egicmon (9), to pevpa L
(1'3 R, = AV) odnyei oc peioon ™ poyvitikny pof tov o16-
™. 'Etot katd ™ Agttovpyio g pnyavig oty ekkiviion kabdg
KOl 68 YOUNAEG OTPOPEG TOPOVGIALETOL LEIMON TNG HLOYVITIKNG
pong tov otdm kabmg kot g HEA. Emeidn tdéoo katd v
€KKIVIION OGO KOL Y10l TIS YOUNALG GTPOPES, aucpowiCO\ﬁou ot un-
OEVIKEG AEITOVPYIKEG KOTAOTAGELS TOL avTioTpogea (1, =0) oo
LYV Ko Y10, LEYOADTEPOL YPOVIKA SLOVOGLATO, OVTO ONUOIVEL
OTLT] GLYVOTNTO. KO TO TAGTOG TG KUULATOONG TG HOyVITIKNG
pONG Tov oTdTh, Ba Eivar PHeyaAOTEPES TOL ONUOIVEL LEYOADTEPT
peimon g LETAPOANG TNG POTHG GLVAPTIGEL TOV ¥POVOL. AVTO
€YEL OOV OTOTEAEGILOL TN LEYOADTEPT YPNOT TOV UNOEVIKOD Sl
OVOGLOTOG TAGTG. AVTO TO POIVOLEVO EIVOL IOIOITEPOL ELLPAUVEG
070 Op1o Agttovpyiog petasd dHo Topé®V.

Amd ) Bewpio TG SUVOUIKNG AELTOLPYIOG TG OGVYYPO-
VNG UNYOVIG AmOdEIKVOETAL, OTL 1] NAEKTPOUAYVITIKY] POTY|
umopel va ekt el Kot omd o YIVOUEVO TV SLOVUCUATOV
G LOYVNTIKNG PONG KOl TOL pebpatog Tov otdtn. H e&i-
oo™ oVTH 1 omoia divel TV NAEKTPOLOYVITIKY POTT TOL
Kwnmpo givat:

Te =jm%(133}ff§) (13)

Amd T0 pEOHOTO KOL TIG TAGELG TTOV LETPOVVTOL GTO a,b,C
cOOTNHO 0TO TUALYpaTe Tov Kivnthipa (6).7), HrTopoldv va
VOAOYIOTOVV 0L TaGElS U g, U KL TOL PEOHOTL iy, i g OT©
UYod1KO GOGTNHO OTO TO YEVIKO GUGTILO TV ESICMCEDV:

— P12 I? .
_E|w3||13|51n5i¢l

, Lol 2 S || A
: AT 2 ;‘; ] T8

To S1ovOGHOTO TG HLOYVITIKNG POTG, TOV PEVLOTOG KO
G Taoemc divovtal amod TiG GYECELS:

U, = Yo Hitlps T, =g +iip,

> >

= .
V_f.! = Ugs +-ru’,|'.?s

=
Avtikafiotdvrog to dtavdouate Tov v« L. g

e&lomon (13) tote M pomn pmopel vo EKPPOCTEL amd TV
e&lomon:

Ts' = %p(wmi,ﬂ’s 5 ¢E3iﬂ_€) (15)

Ot poyvntikég poég Tov 6TATN 6To 0, GLGTN O VITOAOY(-
Covtat amo T1g eEICMGELG TOV GUGTHILOTOG:

d wrzs _ o= Rs 0 i”—'*
dr Tﬁ’gs] n [:’,Es = [ﬂ Rs] [iﬂs] (16)

3 EKKINHXH KINHTHPA ME
HNEPIOPIXMO TOY PEYMATOX
EKKINHXHX

YKomog g pebodov avthg elvarl va kobopilotel 1 Ko-
TAAMAN T TNG POTTNG OVAPOPAS DOTE VO, TEPLOPLOTEL TO
pevpo exkivnong. To gawvopevo g vepévtaong Kotd
duapreta g ekkivnong pe tov AEP ogeidetar facikd atnyv
vynA T g pomng avagopdc. Ta dtavdopato Taong
nov emAéyovrar petafddiovv m yovio Yy petad tov
Stavvopdtov W, xor W, (oyquo 1). Me Bdon v tiuy
™m¢ yoviog Yy petafdiieton avtigroya kot to ddvooLa
™G HayvnTikng pong tov dpopéa W H peyédn yovio §,-J,
(oyqua 3), Oo kabvotepiost v avénen g pong W

"Etot, mpokeévon va do0el pio KatdAAnAn T g pomng

avaPopdg, TPEMEL va avadvBel 1 petafoAr) Tng nAeKTpopLo-
YVNTIKNG POTTHG.

A7d T SUVOIKT GUUTEPLPOPE TNG 0oVYYPOVING UNYOVIS
divetan  mopokdTo Eicmon.

[ (17)
Omov:
= @, — @, KOKMKT] GUYVOTNTO TEPLIGTPOPNG TOV Lo~

YVNTIKOD ns&ov TOL JPOUEQ.

Av 10 dtvoo o ToV PEVUATOG TOV dpopEa Ly i g eélow-
ong (17) avrikotaotadel ond v eicmon (7), tote 1 e&icwm-
on (17) 6o exppaoctei and v e&icwon (18).

RylLsPr— Lm#”s} ‘4'*

T Lol

Jﬁ-"ﬁf'r =0 (13)

H petafoln g pong tov dpopéa og draxpttd ypdvo Ba
divetat omd v e&icmon:

Rr[LsEr{“}_Lmas(”J] ’-_i’.r':“‘i'ﬂ_ar{“] e R
=i b jo,(n) =0 (18)
INo v enilvon tov pobnuatikod HOVTEAOL TOV GLGTN-
patog Aopfavetal cov aiovocc avoQOpPAs To ddvououa g
payvnTikng porig tov dpopéay . To Stévoopa jwy | eiva
Tavto Kabeto TPog TO BLavucua ™G PONG Kot EMOUEVOS Oa
etvat:

b e
joy,(n) =0

Kot emopévag n e&icwon (18) pmopel vo ypaptet:
mr{“"'l:}_’mr{“} — Rr[mes(“:}_Lsmr{n}]

At & LsLy

(19)

Me Bdon v e&icwon (19) oxedialetat To SovoopaTIKO
dtdypappo Tov oynpatog 3.

To devtepo pnépar ™ e&icwan- (19) hapfdvovtog vrod-
yn ta Stavdopata W, (1) o Y, (n) umopei vor ypaptel:
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Yynua 3. Metafolai tng payvntikig pong tov dpouéa.

Ry[Lomtps (n) ~Lsy )] _
@ Lo Ly
rlilm Ws (n) |595’51,{.’ +jlm Es (n) |5'i“51,{.’ —Lr Wr (n) |]
alzly

ey
Eneidn Aappéveton to Siévoopa P, (n) g d&ovag ava-
@opdg (oynpa 3), onuaiver 6t 6pog

iL |, () |sing, = 0

jLm s ) |sin By

Flgly

Anrodn o 6pog g e&icmong 20
-
givon cuvieTdOGA Tov Stovdouatog U, [Tl} Kot Emedn glvan
KGOeTOC TPOG QVTNYV, EMOUEVOG 1| TPOPOAN TG G VTV &i-
vat undév.
Emopévag n e&icwon (19) propeil va ypoetei.

ﬁr(ﬂ+13—$r{ﬂ:} _ Rr[LmWs(ﬂHWsauﬁ _Ls|$r{n}|]
at N T
ﬂ#_:r - Rr[£m|$s(ﬂ}|¢935w+ —Ls |$r{n}|]
At o LsLy (22)
1
-, —= m COE0.
¥ = rleml+ TR @] e

H Mon g dapopikng e&icwong (23) Ba eivat:

\
\ \ Rri¥r
\ B
\oLr

RrLmWs
olLsLr

Hr
oy Tk
¥, = 2 [w,|cosdy(1—e ) (24)

Av avtikatactadet 1 e&icwon (24) oty (1) n niektpo-
WYVHHKH pomn mg myovig Ba diveton omd mv e&iowon:

T, = |1,{J'3| |1£J3|cas-5¢ (12 "Lr jsmﬂ,ﬁ

)l
Ky
=g Lo |5 | (1—e olr ) sin 26, (25)
)l
_E
T, =Cp(1—e T)sin28, (26)
\ _ o Lm 7P Ay
0oL Ck_z_L,:rL_sllpsl Kot Tr = R,

Yopeova pe ™ oxéon (26) 1 Ty TS NAEKTPOLOYVITL-
k¢ poric T petaPdileton pe ekOeTIKY LopQT
4

Otav (1 —e T | =1 1qinyovia 8y = 45° 101e
n pormn T, moipver T péyiotn .

An)‘aﬁﬁ Ts' = Tsmr.ix = Ek
Enopévag n e&icwon 26 pmopel vo ypapTei:
t

=T (1 e Tr)stH
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Otav n yovia 5,;, petald TV SVLUCUATOV TOV o-
YVNTIKOV pO®V TOV GTATN Kot Tov dpopéa givar ion pe 45°
TOTE 1) NAEKTPOLLOYVITIKY PO LETOPAAAETAL LE TN HEYIOTN
TI. O TPENeL AOTOV Vo, EMAEYEL 0L TETOLOL T OVOLPO-
pPAc OOTE TO PEVUO eKKIVIIoNG Vo unv givat ToAd peydao.
AMG o TéToto T avapopds TG pomng Ogv eivat E0KOA0
va voroytotel. o v Ty ¢ pomng avapopds Tibetol wg
0TOY0G VO, LETAPAAAETOL KaTG TNV EKKivion pe pia KAlon kn
omoio voioyiletar amd v e&icwon:

T R, IIIS2
k — max — p - (27)
3T, oL,
T. A
Nem | Temax(1-e™)sin20
Te,max
: -
i t(sec)
Zyfpo 4

To upmhok S1Gypoppet VTOAOYIGHOD NG VEOG POTNG
avopOPAs 6 KAOE YpOVIKY OTIYUN QOIVETOL GTO GYNUO 5.
Onov T,.¢ 7 etvan ! emBount pomnr| avapopdg e Paon v
mapapetpo k kot TB,,E. £ etvaun embopnth porh avapopds, n
omoio peTafdArieTol eKBETIKG GLVOPTHCEL TOL YPOVOL KOTH
v ekkivnon.

Teref

S

v T,eref

1 _e(thr) ‘t—

ynua 4. Mrlok d1aypoguo. pomig avapopas Kot Ty EKKIVo.

[Tivaxag I

Ovopaot. Ioydg: P= 160 kW, Ovoupact. Téon U =400V,

Ovopaot. Toyvmra: N=1487, rpm | Ovopact. Zvxvotmrta: f= 50 Hz,

Ap1Buog Levyoug morwv: p=2, Pomn adpdvetog g unyavig:

J=2,9 kgm?

Quikn avtictoon otd:

R, = 13,79 mn R}

GTO OTATN:

Quikn avtictaon dpopéo avnypévn
= 7,728 mi

Avtenaymyn dpopéo otdn: Avtemaymyn dpopéa ovnyuévn 6To

sy ' sy
s LB ey, Loz =152 pH
Xvvreheotg Lloydog: cose=0,9 ApoBaio emayoyn:
L. = 7,69 mH

o Vv mpocooimon ToLV GLGTAIATOG GTOV VITOAOYL-
oTN €QAPUOCGTNKE AVTIOTPOQEAG dVO EMMESWOV e GTOlEln
IGBT «xot tpopodocia pe cuveyn téon 690 V. O kwvntipog
7OV ¥pnoionomdnke givat acOyypovog PpoyVKLKA®UEVOL
dpopéa ToV 0moioV TO OVOUAGTIKG GTOlXEID (OIVOVTOL GTOV
nivaxa I.

TlNo dwapopetikég Tipég tov cvvtereot k vmoloyi-
OTNKOV Kol TAPONKOV GUAVOG KAUTVADV Y10 TIG TUES TNG
tayvmtag W, , TG NAEKTPOUAYVITIKNG POTTHG Te KOl TOV
SlOVOGLOTOG TOV PEVHOTOC EKKIVIIONG €VOG AGVYYPOVOL
Kwnmpa (oyfua 5).

Me Bdon Tig KOUTOAEG TOV GYNLOTOG S5 TPOTEIVETAL Y1
10 TapAmdveo cvotnua cvviereotg k =0,6. TV avtyv v
TEPINTOON TAPUTNPOVLE OTL TO HEYIGTO GUVIGTAUEVO PEVLLOL
ekkivnong mepropiletor mepinov oto 1250 A. IMapdiinia
TOPATNPELTAL [ ¥POVIKY KOOLGTEPNOT 6NV eMiTELEN TOV
emBuEMTOL aplBov GTPOPDOY. AVTO 0QEIAETAL GTOV TTEPLO-
popd TG POmNG ekkivnong. Lto oynua 6 mapovoidlovrol
Ol KUUOTOHOPPEG TNG PONG TOL OTATN Y . Kot ToL dpouéo
y , Yo Slapopeticeg Tinég G mapapétpov k. T tipég tov
k peyaAldtepeg amd v mpoTEVOEV TTapaTpEiTaL LElmON
™G XPOVIKNG kabvoTtépnong aAld avénom Tov HEYIGTOL
PEVLLATOG EKKIVIIONG. AT TIC KULOTOLOPPES TOV GYNILATOG S
eoaivetat 6t yro k=1 kot yro k=3 10 péyioto pedpa exkivnong
naipvet Tpég 1700 A kan 2200 avtictoryo. [Hopdriinio mo-
patnpeitat 6tL N d10popd Tov PLOIOL AHENCNS TG PONG TOL
oTATN € GYEoN L To puOud avénong e pong Tov dpopéa
etvar avaroyn g tung k. Ta tipég tov k pukpotepeg and
TNV TPOTEWVOLEVT], TOPOINPEITAL XPOVIKT KOBLGTEPT|ION OD-
Enong g ToHTNTOG TOL KVNTHPA, EVO 1 aéNCT TG PONg
TOVL SpOLEN KO TOV GTATT YiveTaL [LE GYETIKA 1610 pLOUO.
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Zynua 5. Hiektpounyavika ueyétn ue mapduetpo to k. a. Toydtnro unyovigs, b. Hiektpouayvnuixn pony,
c¢. Aigvoouo pedportog
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= Maywxr| Pod o1d1q
Maywks} Pof Spopén

1 1 1 T T
05 06 07 08 09 1
3
1 I ] 1 1
— Maywxd Pod o1d1q T
: i l soeo Maywmtic Pod Spopéa
05 " 0.6 0.7 08 09 1
| I I I |
——— Maymrr Pod o1dm T
: : ; = Maymrd Pod dpopéa
05 ' 06 07 08 08 1
¢
I I ] I |
= Maywix} Pod o1d1q T
i i : weesese Maywmt Pod Spopéa
05 06 07 08 09 1
9 tse) ——>

Yynua 6. Mayvituen porp ararn kai dpopéa., a) k=0,3 b) k=0,6 c) k=3 d) k=6.(Movadeg

4. EKKINHXH KINHTHPA ME ENIXXYXH
POHX XTATH KATA THN EKKINHXH

Yopeova pe ™ pébodo ekkiviiong achyypovoL Kvitipa
HE eVIoYLOT PONG, EMAEYETOL Y10, TOV EAEYKTY PONG LLLOL TOLYL-
mro Baong o,. Kdtw and mv toydmra Baasmg Exovpe tov
éleyyo pong ne ™ otabepn ponig avapopds ... H taydm-
T oVt opileTol Yo TEPIGTPOPN TOL KIVITHPO KOl TPOG TIG
V0 Qopéc meptoTPoPNG Tov. [ ToydnTa peyaAdtepn and
™y tovmte faonc n pnyavi Asrtovpyet pe eGacbévion me-
diov kot To oMo ., TNG LAYV TIKAG POTG LELDVETAL PLE TNV
avENoN TS ToYLTNTAS.

INo va ehayiotomombei to ceaApa TayOTNTAG, YPNOLLO-
moteital oTov EAeyKT TayvTNTaG £vag Pl edeyktng, 0 omoiog
mapéyel To emtBountd ofpo ™G pomng | et - H Tpaypotikn

NAEKTPOUOYVITIKT] PO TOL KwNTNpo VmoAoyileTor amd
myv g&icwon (14). opewvo pe v e&icoon ovti 1 ponn
eKQPALETaL GLVEPTNOEL TOV GLVIGTOCHV TNG HOYVNTIKNG
POTG TOV GTATI KoL TOL PEVLOTOG TOL GTATN OTO O, Hiyadt-
K6 cvotnua. Ot GLVICTOGES TOV HOYVINTIKOV POOVY 55 KOl
VY . KOLTOV pELpdTOV [ I i ibs GTO GTATN TNG UNYXOVNIG,
EKTILAOVTOL OO TIG LETPOVLEVES TYLES TV PEVUATOV KO TOV
TAGEMV GTOVG OKPOSEKTEG TOL GTATT TOV KIVNTIHPO LECM OlL-
cOnmpov (oyfua 7). Ot petpodpeveg THEG TOV PEVUATOV
KoL TOV TaoemV petacynuotilovral pe ypron tov elodos-
@OV LETOCYNUOTICHOV, aTd TO TPLPACIKO a,b,c GUGTNLO GTO
pryadkd o,f (€. 15).
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Ve
ATe - j-l-r— HTi SV_T_ittl:)r:ing - /
Ay,
Ay,

EkTiunon
pong Kai poTrAg
&
Speed - wr
Controller B
{ . EkTipnon
W

TaxUTNTOG SPOUET

Zynuo. 7. Mrhox diaypoppo DTC ue avtioraOuion pong kotd v ekkivijon

3TOV GUEGO EAEYYO POTNG CLITOLTEITOL Y10 TOV TVOIKOL TTOA-
uo&')rmg 10 thd?»ua mg _[_)omﬁg Al & KOLTNG
poﬁg ﬂtﬁ’s IPE’S‘J"B' ws

O oiyopiBuog evioyvong g pong v AEP givor Pa-
GIGHEVOG GTO OPAAUO TOXVTNTOG TOL KAEWGTOU Ppoyyov
eréyyov toyvtrag. H Aoy Pociletar oto yeyovog oOti
OTaV 0 KWNTNpog Aettovpyel oty exkkivnon 1 o€ yoauniég
TaOTNTEG, 1| TTOGN TAGNG GTNY OVTIGTOON TOV Gmtn yiveton
ovykpion pe v téon 16650V dniadn L’ 1 R.. Eto,
elvat dvokoro va extiun el kot va avomwx@at Gmcw M pon
TOL oTAT. AVTO €YEL GOV GULVETELD VO LITAPYEL GOAALLN
HETAED NG EKTWLMIEVNG KAl TNG TPOYHOTIKAG TG TG
noyvntikng pong Y.tov otd. H younhi pony tov otdtn
EXEL WG OMOTELECHO, OPEVOG TNV ECPUAUEVT EKTIUNOT TG
TOYOTITOG TOV KIVITHPA KO APETEPOL TN YOUNAT portn (14),
YEYOVOG OV KAvEL SVGKOAN TNV ekKivion evog Kivntipa
wd @optio. Extdg avtov n AavBoopévn T g pong
odnyet og havBoopévn emioyn, omd Tov Voo TAALO0S0-
mong DTC, tov dwavoopatog g taong ¥V, oto otdm. %’
ouTnV TV nspinrgcn, ocvunepaivovpe 0Tl T0 AovBacpévo
SLdvucua thong V, omv £€6080 10V avTIoTPOQED EMALYE-

~~fag At =7 EGQUAUEVOV LETAPANTOV €16O0V
ﬁﬁ’s # ﬁ’graf 1»{’3 otov Tivaka Toipoddtong. ['a va
EEMEPOOTEL OLTO TO UELOVEKTN L0, XPNOLULOTOLEITAL £VOG EVI-

eref

oy
oXLG PONi, 0 omoiog dnpovpyet Eva onpa evicyoang ﬂtﬂ;
, ywuva poOpicet To apykd ofpa eAEyxov g pong ., dote
= “péet To emBuunTo oM EAEYXOV TNG POTIG TOV GTATN
=raf . 'E1o1 B0 IpOKOYEL TO TPOCAPUOGHEVO GOAALLN ﬂtﬂ;
, 10 omoio Oa woybel oe OAN TN didpKewd NG EKKIVNONG.
Booiopévog 6to avtiotafpicpévo ocedipa e pong, o mi-
VKOG TOAH0dOTNONG €EQYEL TO KATAAANLO dtdvucpa Téong
V, e omotéheopa my elayiotomoinon Tov 6QAaALATOG TG
POTNG KL TNG PONG TOVL oTdTH. ALT 1 dladikacio £xel Gov
GUVETELD VO LELOVEL KOL TO GPAALLO TNG EKTIUNONG TNG TOYL-
TG Katé TV eKKivnon. Xto oyfuo 7 eoivetol To Ualok
dtdypappo Tov AEP evdg KivnTmiplov GLGTHLOTOG HE aVTL-
oTafon g pong oTov 6TATN Katd TV ekkivnon. Omov
0 elvar 1 yovio Tov S0vOGHOTOG TNG LOYVITIKNG PONG TOL
ot W . ¢ mpog Tov GEova avagopdg mov eivar o d&ova
G TAGEWMG TNG PACENG a.
= Y™ oynuo 8 paivetal 1 StakvOvVeT) TG PONG ovapopag
sref TOV OTATN KOTO TNV eKKivnon. TtV KapmOAn o)
eoivetatl 0Tt 660 ov&AveL N ToyOLTNTO EKKIVIIONG TOGO HELD-
VETOL 1] LOYVITIKT] PO} ovaLpopac. Xto oynpa 9 eaivovtot ot
KOHOTOHOPPES TNG TaOTNTOG W, , TNG POTIG TOV GTATN Kot
NG NAEKTPOUAYVITIKNAG POTNG TE, TOV KIVNTHPQ. v ToY-
mra Bdoeng o, emAEYONKE TaydTTe ©,=5% 0.
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Zynua 8. Koudtwon e puoyvytikng pong tov arary | sref KOoTa TNV EKKIVION
1000 T T T T T T T T
w,
(rad/sec)
500+ -
T 0 ] ] l i i 1 1 i
0 0.2 04 06 08 1 3 12 14 16 18 2
(pu)1 5
: T T T T T T T T
q’r
1H°
Ys 05+ -
T 0 i I 1 i i 1 I i
0 02 04 06 08 b 12 14 16 18 P
1500 T T T T T T T T
T, 1000 -
(Nm)
500F -
T 0 1 I I i 1 1 1 1
0 02 04 06 08 12 14 16 18 2
¢) t(sec) o
Zynua 9. Kouoropoppés  woate v exkivion ue ovuotobuioty  pong. a. Toydmyroag, b, Mayvnuikng  pong  ordry,

c. Hiektpouayvntixng pomng xivytipa
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S XYMIIEPAXMATA

Me Bdoet Toug aAyoplOpovg oL ovamTOXOnKay otV
gpyacio antn yuo 600 SoPopeTikés PeBdd0VE eKKivnong Kot
TNV TPOCOUOI®GT OOV TOL GLGTNLOTOG GTOV VTOAOYLOTY|
&ywe ovykplon tov dvo pebodov Iapatnpodie 6t pe ™
péBodo mePLOPIGOD TOV PEVUATOG EKKIVIOTNG EAATTMVETOL
onUovTIKG To pedpa ekkivnong. TlapdAiinia opmg avEdve-
Tt 0 XPOVOG OV YPELALETOL TO GOOTNHO Y10 VO TETVYEL TIG
emBopntéc otpoéc. ‘Etol 1 gpfion g oLYKEKPUEVNG Le-
0000V meplopiletar 6T AITOLPYio. GLOTNUATOV NAEKTPIKG
Kivnong mov amottody VYNAN amddoon Kot pKpd apldpd
ekKivnoeov. Me 1 pébodo g avtiotdduiong e pong
EMTVYYAVETAL 1] EEAAELYN TOV GOAALOTOG TNG TAYXVTNTOS TOV
KINTHPO KOL EVIGYVETOL 1] YOUNAN NAEKTPOLLOYVITIKT POTTY|
o€ YOUNAES Tay0TNTEG. AVTO Ponbd o Yprion g nebddov
OVTNG O€ MEPMTAOCEL TOAADY EKKIVICEMV KOl TOAADV LETOL-
BoTiKOV KATACTAGEWDV.
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Extended sum

Analysis and Comparison of starting methods of
Asynchronous Motor Start with Direct Torque Control

MICHAEL LIVADARAS
Electrical Engineering D.U.Th.

Abstract

In this paper there will be investigation of two different starting
methods of an induction machine, supplied by a voltage inverter.
Direct Torque Control scheme is applied in both of these methods.
During the starting period when using DTC scheme, a stator over-
current phenomenon occurs. This phenomenon is intense if good
acceleration is expected from the control scheme. In the first meth-
od, gradual variation of the starting current is applied. As a result,
less strain to the power switching devices and to the machines
wirings is occurred. The gradual variation is achieved through a
specific algorithm, which selects the appropriate value of the refer-
ence Torque. The second method is applying stator magnetic flux
reinforcement. This reinforcement is applied, because during the
starting period and the low speed period, it appears weakening of
the stator magnetic flux. This results the problematic operation of
the traction system. Thus, in order to achieve a stable stator mag-
netic flux, for speed lower than the selected reference speed w,,
reinforcement of the stator magnetic flux is applied.

1 INTRODUCTION

Direct Torque Control has been widely used in three-
phase AC motor drives. The majority of the researches in
this area usually focus on reducing the torque and flux ripple,
increasing the switching frequency, improving the starting
performance of the motor drive e.t.c. Such researches uses
for the control of the induction motor either Field Oriented
Control (FOC) [1] or Direct Torque Control (DTC) [2]. Dur-
ing recent years several researches has been applied on the
improvement of DTC method combined with the vector de-
velopment of voltage and the vector control of the magnetic
flux, in aim to reduce the torque ripple[3], [4]. It has also
been proved that, for economy and operational reasons, the
estimation of rotor speed is preferable in electrical drives.
Several scientific papers compare the algorithms of speed es-
timation methods. [5], [6]. When applying the DTC scheme
to electric vehicles, some new problems emerge. These
problems appeared during the starting period, problems of
over-currents and false estimation of the magnetic field. As
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a result, several researches for the improvement of the motor
drives during start and low speed has also been developed
[81[9].

In addition, it has been a scientific broadens of the classic
MRAS (Model Reference Adaptive System) speed estima-
tion method and this broadening resulted the Sliding Mode
MRAS. In this method it has been examined both the case of
a single and of the double loop. It has been proved that the
variation of the estimated speed is smaller in case of double
loop [10]. Another method is using Kalman filters in order
to estimate the speed. This paper [11] represents the latest
method is using the Extended Kalman Filter (EKF). In this
algorithm it is added a special algorithm code in order to
improve the noise reduction of the classic Kalman Filter.
The EKF obtains the stability and the accuracy of the speed
estimation. Furthermore because of the slow state alterna-
tion of the system’s operational condition during the starting
period, the fuzzy logic algorithm has been proposed. While
using fuzzy logic control, the slow correspond of the system
is improved [13]. Several speed estimation methods are
based on the Popov Theory. Based on this theory, the speed
and the stator ohmic resistance is calculated. The estimation
algorithm is based on an observer combined with a Popov
regulator, which is applied in linear closed loop systems[14].
Furthermore several researches examine methods in order to
improve the classical Space Vector Pulse Width Modulation
(SVPWM) combined with DTC, regarging the reduction of
the undesirable Torque ripples. This method is based on the
improvement of the Magnetic flux vector which is achieved
with the suitable choose of the active and the zero voltage
vectors ,while using a fuzzy logic controller, without the
increase of the state transitions[15]. Also for the estimation
of the value and of the vector of the stator and rotor mag-
netic flux, open loop and closed loop observers has been
used[16].

This paper represents the analysis and the comparison of
two different starting methods of asynchronous motor. The
DTC scheme and speed estimation is applied in order to im-
prove the starting of the induction motor.
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2. MATHEMATICAL ANALYSIS OF THE
SYSTEM

The basic mathematical equation expressing the electro-
magnetic parameters of the engine are:

_ PR e Y_ P IR UT |
= (W.x,) = [w |[v. [sin 5, M
LoL,—L
Where L, = = Lr -
m
G, =L +L1 )
s
= mI;=.'+ LrIf (3)
3 1 = L. =
I, = :'.r_L_s (tps - L_Twr') 4)
= 1 -3 =3
N SrE (st,, mes) (5)
LZ
Where o is the total leakage coefficient,0 = 1 — . Tr
g

The Voltage Vector of the induction machine is given by
the equation:

) d —
"bs either il v V. —1.R_ or
dr = = =

—3
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v, = [(V, —?;Rs)dt (©)
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Where V_ is the Voltage Vector on the inverter output.
During the regular operation and for the nominal speed
the equations (6) results:

w_; = J'E'dt either d;:s = F or -ﬂTﬂ_; = E T O
Furthermore:
_. ]
T, = Jm ($,X%;) = 2|, |[F,| sin 3, ®)

=
Taking into consideration: ¥, = . +jg. and
L, = I’rﬂ +I iﬂs

It results:

T, = 2 p(Wasips + jWpsias) ©)

3. MOTOR START WITH STARTING
CURRENT LIMITATION

The target of this method is to estimate the suitable value
of the reference torque in order to limit starting current. The
over-current phenomenon during start with DTC scheme
is basically attributed to the reference torque. The _vqltage
veetors chosen alter the angle dy between vectors y . and
y, (scheme 1).

The variation of the stator magnetic flux is given by the
equation:

: R, |2 R,L :Dsﬂ,_,
v, = ——=[U, () + =2 [w.m)| a0
g
This differential equation results
Ky
L. [—* s e |
¥, =32 W, |cosd, (1 e cir) (11)
g

If the equation (11) is replaced in equation (1) the torque
value will be given from:

Ky

Mgz =LL|'LII |L—m| s|cnsaw[1—e "_'~r1cjsin15.4‘r (12)

or
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and

_

Tom — Cp (1 —e Tr)sin 28, (14)

The value of electromagnetic flux will change expo-
nentially according to relation (14). The rotor flux can be
quickly increased with an angle approaching 45°, in order to
avoid over-current problems. In order to limit starting cur-
rent, the value of the reference torque should be changed
with increasing slope. A coefficient k is defined, which is
given by equation:

T

k==
K
Where T al,
ere =
" R

For different values of the coefficient k a group of curves
were calculated for the values of velocity o, electromagnetic
torque T . and the start current vector | . of an asynchro-
nous motor, where it shows that the start current is limited
according to the k factor value. For k= 0.6 we achieved the
minimum value of the starting current.
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4. MOTOR START WITH STATOR FLUX
COMPENSATION DURING START

According to the asynchronous motor starting method
with flux compensation, a base speed ©, is chosen for the
flux controller. Below this speed we have constant control of
the flux with constant reference flux y . . For speeds greater
than the base speed, the engine operates with field attenua-
tion and signal y . is reduced as speed increases. In order to
minimize the speed fault a PI controller is used in the speed
controller, which provides the desirable signal of torque
T.. - Equation (9) gives electromagnetic torque by means
of the components of the current and the magnetic flux of the
stator in o, complex reference system. The components of
the magnetic fluxesy . andy _. and the currents i 5 and

I, at the engine stator are derived by the measured values
of the currents and voltages at the power supply input of the
motor stator through sensors.

Next, these values are transformed by the use of trans-
form equations, from the three phase abc system to the a,f,
complex system For direct torque control., the pulsation table
demands the torque fault ATE = Tenz-F _Te and the flux
fault AY 2 =Y o —VY =.

The algorithm for DTC flux compensation is based on
the speed fault of the closed loop speed control. The logic is
based on the fact that when the motor operates in the start-
ing or in low speeds, the voltage drop at the stator resistance
becomes comparable to the input voltage, that is "."S = iSFlS
. Thus, it is difficult to estimate and fully develop the sta-
tor flux. This fact creates a fault between the estimated and
the actual value of the stator magnetic flux. The low flux of

the stator results first in the wrong estimation of the motor

speed and secondly in low torque, which makes starting of
a motor under load difficult. Besides, the wrong flux value
leads to wrong choice from the pulsation table DTC of the
voltage vector V_at the stator. In this case, we conclude that
the wrong voltage vector V is hasicallv chosen because of
the wrong input variables [Ay c 7Y a Y S]. In the pul-
sation table in order to overcome this disadvantage, a flux
~~mnapsator is used, which creates a compensaton signal
Ay ., to regulate the initial flux control signal "[J["ggngf, S0
that the desirable flux control signal of the stator v . . will
occur. In this way, the adapted compensated fault Ay _, will
occur, which will be valid for the whole period of starting.
Based on the compensated flux fault, the pulsation table cre-
ates the suitable voltage vector V_in order to minimize the
stator torque and flux fault. This procedure results, besides
the reduction of the torque fault, in the reduction of the speed
estimation during starting.

5. CONCLUSIONS

According to the two methods which has been described
above we observe that using the method of limitation of
start current, the current is significantly reduced. But,
on the other hand, the required time for the system to
achieve the desirable number of revolutions is significantly
increased. Thus, the use of the proposed method is limited
in systems which require high efficiency but at the same
time do not present many starts for their operation. Using
the method of flux compensation the speed fault of the
motor is eliminated and the low electromagnetic torque is
enlarged in low speeds.
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